The role of omega -3 fatty acids enriched fish oil (ω-3FA) in insulin resistance (IR) and its cardiovascular complications are under controversy and IR has a great significance in CVS diseases. Hence the present study was aimed to determine the effect of ω-3FA on dexamethasone induced IR and hypertension in rats. Adult male wistar rats (250-300g body weight) were divided in different groups containing six animals each. Dexamethasone was administered by injecting subcutaneously 2µg/day in divided doses twice daily for 28 days. ω-3FA (0.5ml/kg/day/orally) was co-administered for 28 days. Body weight, feed intake was measured daily. Measurement of systolic blood pressure was done once in week by tail cuff method. Electrocardiograph (ECG) was recorded one day before the termination of study. Biochemical parameters like glucose, insulin, triglycerides (TG), total cholesterol (TC) and MDA level were estimated in blood plasma at the end of study period. Dexamethasone treatment induced IR and hypertension. Co-administration of ω-3FA significantly prevents the development of IR & hypertension in rats. Observations of our results suggest that ω-3FA might have reduced IR directly by insulin sensitizing effect in peripheral and hepatic tissues. The blood pressure lowering effect of ω-3FA may be secondary to insulin sensitizing effect. In conclusion dietary supplementation of ω-3FA can prevent the development of dexamethasone induced IR and hypertension.
INTRODUCTION:
Omega -3 fatty acids (ω-3FA) are the essential long chain polyunsaturated fatty acids. Fish oil is the major source for ω-3FA containing α-linolenic acid, docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) as major constituents 1 .
Literature reveals that ω-3FA is antiarrhythmic 2 , antithrombotic 3 , antiatherosclerotic 4 , antihypertensive 5 also found to improve endothelial function 6 and lowers plasma triglycerides 7 .
ω-3FA are found to be effective in reducing hyperlipidemia, hyperinsulinemia and hypertension in patients 5, 8 . DHA is the principal component of ω-3FA responsible for their blood pressure and heart rate lowering effects 9 . Further, ω-3FA reported to lower plasma LDL level in healthy human subjects 10 . Preclinical experimental studies demonstrated that dietary supplementation of ω-3FA can reduce the serum concentrations of triglycerides, total cholesterol and improves hepatic as well as peripheral insulin sensitivity 7, [11] [12] [13] . On contrary to these beneficial effects, fish oil containing ω-3FA are reported to reverse dyslipidemia but not insulin resistance in highfructose diet induced dyslipidemia, hepatic and adipose tissue insulin resistance in humans 14 .
Glucocorticoids were widely used as immunosuppressive and anti-inflammatory agent, but it is accompanying with impaired insulin sensitivity and hypertension 15 as a serious adverse effects. Dexamethasone without affecting insulin receptor decreases the cellular glucose uptake and alters the glucose metabolism, hence they play major role in the development of peripheral insulin resistance 16 . Further dexamethasone has shown cardiovascular effects such as increased mean arterial pressure (MAP), heart rate & elevated ST segment of ECG in rats 17 .
Thus the present study as aimed to investigate the role of fish oil containing ω-3FA has ability to prevent dexamethasone induced insulin resistance, hypertension & ECG changes in rats. During the study period body weight, food and water intake was measured daily. Systolic blood pressure was monitored once in week by tail cuff method. Electrocardiograph (ECG) was recorded one day before and at the end of study. At the end of study blood samples were collected for biochemical investigation from overnight fasted animal through retro-orbital plexus under light ether anesthesia.
MATERIALS AND METHODS

Drugs and chemicals -
Measurement of systolic blood pressureMeasurement of systolic blood pressure was done indirectly in conscious and slightly restrained, prewarmed rat by the tail cuff method (NIBP-200A, MP-35 Biopac Systems, Inc Santa Barbara, USA), an average of ten consecutive readings was noted 19 .
Results are expressed as percentage change in systolic blood pressure compared to systolic blood pressure before the start of the study (0 day).
Recording of Electrocardiograph (ECG) -Electrocardiograph (ECG) was recorded in
anaesthetized animals (Ketamine -50mg/kg/i.p.) using Lead I method (MP-35 Biopac Systems, Inc Santa Barbara, USA), Parameters measured were S-T Segment Elevation & Heart rate.
Oral glucose tolerance test -The glucose sample was administered orally 2 gm/ kg (body weight) to overnight fasted experimental animals. Blood samples were collected at different time intervals as pre, 30, 60, and 120 min post-glucose load. Plasma glucose levels were measured by the glucose oxidase reaction method. Statistical analysis -All the data were expressed as Mean ± SEM. Data were subjected to One-Way analysis of variance (ANOVA) followed by Newman-Keuls Multiple Comparison test where P< 0.05 was considered as statistically significant.
Measurement biochemical parameters -
RESULTS
Body weight and food intake -Significant decrease in in body weight (P<0.001) and cumulative food intake (P<0.05) were observed in dexamethasone administered rats when compared to control (Table-1 ). Co-administration of ω-3FA had no effect on Dexamethasone induced reduction in body weight and food intake ( Table-1) .
Plasma Glucose, Insulin, Triglyceride and Total cholesterol -Administration of Dexamethasone in rats lead to significant increase in plasma glucose (P<0.001), plasma insulin (P<0.001) and triglyceride level (P<0.001) but had no effect on total cholesterol level when compared to control (Table-1 ). Co-administration of ω-3FA significantly prevented the dexamethasone induced changes in plasma glucose (P<0.001), plasma insulin (P<0.01), plasma triglyceride (P<0.01), as well as total cholesterol level (P<0.001) when compared to Dexamethasone treated rats (Table-1). 
Insulin resistance index (HOMA-IR) -Significant increase in HOMA-IR index in
Dexamethasone treated rats lead to development of insulin resistance (P<0.001) as compared to control animals ( Table-1 ). Co-administration of ω-3FA in Dexamethasone administered rats significantly decreased insulin resistance index (P<0.001) when compared to Dexamethasone administered rats (Table-1) .
Oral Glucose Tolerance Test (OGTT) -
Significant increase in total AUC of plasma glucose (P<0.05) during 120 min indicates development of glucose intolerance in Dexamethasone treated rats when compared to control (Figure-1) . Coadministration of ω-3FA in Dexamethasone administered rats significantly improved the glucose tolerance (P<0.05) when compared to Dexamethasone treated rats (Figure-1) . Lipid Peroxidation (plasma MDA level) -Significant increase in plasma MDA level (P<0.001) were observed in Dexamethasone treated rats as compared to control (Table-1 ). Coadministration of ω-3FA in Dexamethasone administered rats significantly decreased plasma MDA level (P<0.001) when compared to Dexamethasone administered rats (Table-1) .
Systolic Blood pressure -The significant elevation of systolic blood pressure when compared to control (P<0.001) (Figure- 2) was observed with dexamethasone. The increase in systolic blood pressure was significantly high from 7 th day and continued to increase till the end of the study. Coadministration of ω-3FA partially but significantly reduces the elevated systolic blood pressure due to dexamethasone from 14 th day (P<0.001) onwards till the end of study (Figure -2 ). 
DISCUSSION
The objective of the present study was to explore the ability of ω-3FA enriched fish oil to prevent dexamethasone induced insulin resistance & hypertension. Results of the present study demonstrate that dietary supplementation of ω-3FA enriched fish oil can prevent the dexamethasone induced metabolic abnormalities, insulin resistance, glucose intolerance, systolic blood pressure & elevation of ST segment of ECG.
Fish oil rich in long chain n-3 polyunsaturated fatty acids (ω-3FA) containing EPA & DHA has been reported to exert beneficial metabolic & cardiac effects in clinical and animal studies [1] [2] [3] [4] [5] [6] [7] [8] . A recent report shows its beneficial effects on insulin resistance and glucose intolerance in rat model of dietary -induced obesity. In this dietary model, insulin resistance is mainly mediated through abnormal lipid metabolism especially triglyceride metabolism. Increased triglyceride is known to interfere with glucose uptake by decreased translocation of GLUT4 11 . Insulin resistance can also be induced by certain drugs like glucocorticoids such as dexamethasone, as an adverse effect, where they directly interfere with GLUT4 translocation 22 .
Consistent with previous reports, administration of dexamethasone for 4 week leads to development of insulin resistance characterized by hyperglycemia, hyperinsulinemia, glucose intolerance 16 . In the present study co-administration of ω-3FA enriched fish oil significantly prevented these changes. Previous study has reported that fish oil enhances insulin signaling by increasing Akt phosphorylation 11 . Further it has also been reported to reduce hepatic glucose production 9 . Based on these reports & observations from our results, ω-3FA enriched fish oil might have reduced dexamethasone induced insulin resistance directly by insulin sensitizing effect on peripheral and hepatic tissues. Dexamethasone administration is known to elevate systolic blood pressure in experimental animals along with insulin resistance 23 . Increasing number of evidence suggest that hyperinsulinemia and hypertension are causally related for each other.
In the present study fish oil significantly reduced the systolic blood pressure; along with reduction in plasma insulin. This observation indicates that the blood pressure lowering effect of fish oil may be secondary to insulin sensitizing effect. Further, supplementation of ω-3FA enriched fish oil prevented dexamethasone induced elevation of ST segment & heart rate, hence ω-3FA enriched fish oil supplementation has significant potential in preventing dexamethasone induced cardiovascular events.
Oxidative stress has been attributed to play a significant role in various diseases including insulin resistance and cardiovascular diseases. Consistence with this notion, dexamethasone administration is associated with systemic oxidative stress. In the present study supplementation of ω-3FA enriched fish oil significantly reduced the oxidative stress. These observations suggest that beneficial effects of ω-3FA may be partially due to antioxidant nature of fish oil. However, this notion needs further study.
In conclusion, dietary supplementation of omega-3 fatty acids enriched fish oil can prevent the development of dexamethasone induced insulin resistance & hypertension. Implicating the significant role in managing the drug induced adverse effect.
